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Abstract
This short summary presents latest measurements of the nuclear modiﬁcation factor, RAA, for R = 0.4 jets in Pb+Pb
collisions at
√
sNN = 5.02 TeV with the ATLAS detector at the LHC. The analysis is performed over a large range of
transverse momentum, up to pT = 1 TeV, and diﬀerentially in jet pT, rapidity, and collision centrality. The jet RAA is
measured also diﬀerentially in the jet mass, m, which provides new information on the dependence of the energy loss on
the substructure of jets. Latest results by ATLAS on the dijet momentum balance in Xe+Xe collisions at
√
sNN = 5.44
TeV are presented and compared to the same quantity measured in Pb+Pb collisions at
√
sNN = 5.02 TeV. These recent
measurements should help us understand mechanisms of parton energy loss and properties of hot and dense matter
created in heavy-ion collisions.
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1. Introduction
Jets and high-pT hadrons produced in hard scattering processes provide an important probe of the prop-
erties of the quark gluon plasma created in high-energy nuclear (A+A) collisions. The products of the hard
scattering evolve as parton showers that propagate through the medium and experience in-medium energy
loss in a process referred to as “jet quenching”. This short paper summarizes selected recent jet quenching
measurements performed using the ATLAS detector [1] at the LHC, namely the measurement of nuclear
modiﬁcation factor, RAA, evaluated as a function of jet pT, rapidity, collision centrality [2], and jet mass [3]
and the new results on dijet momentum balance in Xe+Xe collisions [4].
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2. Inclusive jet suppression and jet mass
To quantitatively assess the impact of jet quenching eﬀects on inclusive jets, the nuclear modiﬁcation
factor is measured. It is deﬁned as
RAA =
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where Njet and σjet are the jet yield in Pb+Pb collisions and the jet cross-section in pp collisions measured
at the same center of mass energy per nucleon-nucleon collision, respectively. N totevt and 〈TAA〉 are the total
number of Pb+Pb collisions within a chosen centrality interval and the nuclear thickness function, respec-
tively.
Jet yields in Pb+Pb collisions and jet cross-sections in pp collisions are measured using 0.49 nb−1 of
Pb+Pb collision data and 25 pb−1 of pp collision data collected at the same nucleon–nucleon centre-of-mass
energy of 5.02 TeV in the year 2015 by the ATLAS detector. Jets, reconstructed using the anti-kt algorithm
[5] with radius parameter R = 0.4, are measured over the transverse momentum range of 40–1000 GeV in
six rapidity intervals covering |y| < 2.8. The jet RAA shows a strong suppression of jet yields measured in
central Pb+Pb collisions. Figure 1 shows the RAA evaluated as a function of pT for central (0–10%) and
mid-central (30–40%) collisions and compares the results from 5.02 TeV collisions to those measured in
Pb+Pb collisions at
√
sNN = 2.76 TeV [6]. The magnitude of RAA increases with increasing jet transverse
momentum, reaching a value of approximately 0.6 at 1 TeV in the most central collisions. The magnitude
of RAA is observed to be consistent with that reported for Pb+Pb collisions at
√
sNN = 2.76 TeV in the
kinematic region where the two measurements overlap. Not shown here is the quantiﬁcation of centrality
and rapidity dependence of the RAA. The RAA value is independent of rapidity at low jet pT. For jets with
pT  300 GeV a sign of a decrease with rapidity is observed. A comparison of the RAA values with various
theoretical predictions is also performed. All the models are capable of reproducing the general trends seen
in the data. For pT  250 GeV, the data agrees best with the SCETG model [7, 8, 9, 10] with a speciﬁc
value of the coupling strength between the jet and the medium, g = 2.2. For pT  250 GeV the LBT model
[11] describes the data better. Disagreement between the data and the EQ model [12] using the parameters
of the jet energy loss from 2.76 TeV Pb+Pb data can be explained as a consequence of stronger quenching
in 5.02 TeV Pb+Pb collisions. For more details, see Ref. [2].
Jet cross-section in pp collisions and jet yields in Pb+Pb collisions are evaluated also as a function of
m/pT which allowed to calculate RAA(m/pT), which is summarized in Ref. [3]. The yields and cross-sections
are reported for R = 0.4 anti-kt jets with |y| < 2.1 and with pT measured in the range of 126–500 GeV in
Pb+Pb and pp collisions at
√
sNN = 5.02 TeV. Calorimeter towers of size of 0.1×0.1 in η×φ space are used as
the jet constituents to calculate the jet mass. The measured distributions are fully corrected for jet response.
The RAA values show a suppression of jets that is consistent with suppression measured in the inclusive jet
RAA without signiﬁcant dependence on m/pT. This should provide a new information on the dependence of
the energy loss on the substructure of jets.
3. Dijet asymmetry and jet quenching in Xe+Xe collisions
A short Xe+Xe run in 2017 provided the ﬁrst heavy-ion collisions with nuclei lighter than Pb at the
LHC. The possibility of studying jet quenching in collisions of nuclei lighter than Pb is attractive as the
underlying event is smaller in the most central collisions where the collision geometry is the most symmetric.
The decrease in the number of nucleons or the nuclear radius between Pb and Xe nuclei may be expected
to aﬀect the amount of jet quenching through a reduction in both the overall energy density and the path
lengths of the hard-scattered partons in the medium.
The dijet asymmetry, deﬁned as xmeasJ = pT,1/pT,2 with pT,1 and pT,2 being the leading and subleading
jet transverse momentum, respectively, is measured in pp collisions at
√
s = 5.02 TeV, Xe+Xe collisions at√
sNN = 5.44 TeV, and Pb+Pb collisions at
√
sNN = 5.02 TeV. The superscript ‘meas’ speciﬁes that the dijet
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Fig. 1. The RAA values as a function of jet pT for jets with |y| < 2.1 in 0–10% and 30–40% centrality intervals compared to the
same quantity measured in
√
sNN = 2.76 TeV Pb+Pb collisions [6]. The error bars represent statistical uncertainties, the shaded boxes
around the data points quantify bin-wise correlated systematic uncertainties. For
√
sNN = 2.76 TeV measurement, the open boxes
represent uncorrelated systematic uncertainties. The coloured shaded boxes at RAA = 1 quantify the combined fractional 〈TAA〉 and pp
luminosity uncertainty. The horizontal size of error boxes quantiﬁes the width of the pT interval. Figure taken from [2].
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Fig. 2. The 1/NdN/dxmeasJ distributions for jet pairs with 100 < pT,1 < 126 GeV in 0–10% and 10–20% centrality intervals. The
Xe+Xe data are shown in circles, while the Pb+Pb distribution is shown for comparison in diamonds. Statistical uncertainties are
indicated by the error bars while systematic uncertainties are shown with shaded boxes. The Xe+Xe systematic uncertainties include
all of the JES and JER uncertainties on Xe+Xe data. The Pb+Pb systematic uncertainties include only the uncertainties that are
uncorrelated between Xe+Xe and Pb+Pb collisions. The black line represents the inclusion of additional underlying event ﬂuctuations
based on the results of the ﬂuctuations analysis. Figure taken from [4].
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asymmetry is not corrected for resolution eﬀects by the unfolding procedure. The measurement is performed
diﬀerentially in pT,1 and in collision centrality and total transverse energy deposited in forward calorimeter,
ΣEFCalT . Figure 2 shows an example of x
meas
J distributions for two selections of the most central Xe+Xe and
Pb+Pb collisions. In general, the xmeasJ distributions show a larger contribution of asymmetric dijets in the
more central Xe+Xe collisions compared to that in pp data. This diﬀerence becomes less pronounced in
more peripheral collisions and in 60–80% the Xe+Xe and the pp data are consistent. This trend is consistent
with in-medium energy loss due to jet quenching and is also consistent with previous measurements of jet
imbalance in Pb+Pb collisions [13]. The distributions in Xe+Xe are found to be consistent with Pb+Pb
when compared in their respective centrality intervals indicating no signiﬁcant dependence on the geometry
of the event. They are also found to be consistent at ﬁxed values of ΣEFCalT . For more details, see Ref. [4].
4. Summary
Jets represent an important tool allowing to access the information about the hot and dense medium
created in heavy-ion collisions. Both inclusive jet yields and kinematic properties of dijet systems are
observed to be modiﬁed in heavy-ion collisions compared to proton-proton reference. Precise measurement
of inclusive jets in Pb+Pb collisions and new measurement of dijets in Xe+Xe collisions, both performed
using the ATLAS detector at the LHC, should help us understand mechanisms of parton energy loss and
properties of hot and dense matter created in heavy ion collisions.
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